o,' Coagulation studies (plasma fibrinogen, ethanol gelation test, and fibrin/fibrinogen degradation product concentration) were done in 150 patients who were admitted after blunt head injury. Results were abnormal in 60 patients and were found to be correlated with the level of consciousness and with the presence of neurological signs. Many of these patients had fractures, but findings in a control group of 26 patients with major fractures without head injury indicate that fractures were not of paramount importance in causing clotting changes. Conclusive evidence of disseminated intravascular coagulation was found in 12 patients. Cases with a fatal clinical course were mostly associated with very high fibrin/fibrinogen degradation product concentrations. Some case histories are reported, confirming the hypothesized correlation between coagulation results and brain tissue destruction rather than brain compression. It was concluded that some degree of disseminated intravascular coagulation in patients with blunt head injury occurs more often than expected and that coagulation studies might have both diagnostic and prognostic value.
G
OODNIGHT, et al., 1" recently described defibrination in a group of patients with brain-tissue destruction due to gunshot wounds. Abnormal bleeding and prolonged oozing from wounds and venipuncture sites were noted in several cases. Laboratory tests revealed hypofibrinogenemia, low factor V concentrations, and the presence of fibrin monomers in the circulation as indicated by the protaminesulphate test. In a control group of patients with head trauma but without clinical evidence of brain-tissue destruction, no clinical or laboratory signs of defibrination were observed.
Defibrination, which is sometimes called "consumption coagulopathy," results from excessive disseminated intravascular coagulation (DIC) which can be triggered by several mechanisms, such as widespread denudation of the endothelium, or infusion of thrombinlike or thromboplastic substances, which explains the wide variety of diseases in which DIC occurs. 1,5,7,s,ls,22,al,aa Additional cases of DIC or defibrination have been reported after head injury from missiles 1~ and from nonmissile causes. 9,23,25 Although some prospective and retrospective coagulation studies were carried out recently in patients with blunt head injury, 12,28,34,35 results were contradictory and no relationship between the severity of blunt head injury and the occurrence of DIC has been established. The aim of this study was to find out whether such 
Clinical Material and Methods
This series comprises 150 patients, 110 men and 40 women, examined from October, 1974 , to February, 1977 . Age distribution ranged from 3 to 78 years, mean age was 36 years. Blood was taken for coagulation studies within 24 hours after non-missile head injury due to traffic or domestic accident, irrespective of the severity of the patient's clinical condition. We excluded from the study: l) patients whose head injury was suspected to have been caused by an underlying disease (hypoglycemia, syncope, heart disease, epilepsy); 2) patients with preexisting disorders of the central nervous system; and 3) those with pre-existing systemic diseases that might be associated with a coagulation dyscrasia. No information about the clinical condition of the patients was given to the laboratory. Blood samples were taken as soon as possible after admission; in all patients samples were taken within 24 hours, in most patients within 6 hours after head injury.
Laboratory investigations included: 1) clottable plasma fibrinogen concentration; 8 2) ethanol gelation test; is 3) fibrin and fibrinogen degradation product concentration (FDP), with an immuno-electrophoretic method 19 using a commercial antifibrinogen.* Normal values for fibrinogen were 250 to 400 rag%, and for FDP, 0 to 10 #g/ml. A positive ethanol gelation test demonstrates the presence of fibrin monomers and is suggestive of DIC) ' 18 *Antifibrinogen Ra H4 Fbgn prepared by Nordic, Tilburg, The Netherlands.
Summary of Cases
Coagulation studies were abnormal in 60 (40%) of the total number of 150 patients (Table 1) . Values for FDP were increased in 59 patients and hypofibrinogenemia was found in 10. The ethanol gelation test was positive in 12 patients, usually not later than 6 hours after head injury. In one patient, hypofibrinogenemia was the only abnormal finding. In the other 15 patients with hypofibrinogcnemia and/or a positive ethanol gelation test the FDP levels were found to be elevated as well (often more than 70 #g/ml). Accordingly, measurement of the FDP seems to be the most sensitive test. Clinical signs of abnormal bleeding were seen in three patients.
Level of Consciousness
The patients were divided into three groups according to their level of consciousness: 1) normal consciousness with correct orientation as to space and time; 2) impaired but arousable state of consciousness; and 3) coma or an unarousable state of unresponsiveness. 24 The latter group includes unresponsiveness to verbal stimuli, with no eye opening and no verbal response to verbal and painful stimuli, according to the Glasgow Coma Scale? ~ Coagulation tests were abnormal in eight (18%) of the 45 patients with a normal level of consciousness, in 37 (41%) of the 90 patients in an impaired but arousable state of consciousness, and in 100% of the 15 comatose patients (X z test: X ~ (df=2)= 31.81; p < 0.001).
Neurological Signs
Patients were considered to have neurological signs only when physical examination 
Brain-Stem Dysfunction
Brain-stem dysfunction, including extensor spasms, unresponsive pupils, absent corneal reflexes, and vestibular unresponsiveness, occurred in eight patients, all of whom showed abnormal coagulation tests. Table 2 shows the results when the level of consciousness and neurological signs are considered together: coagulation tests were abnormal in more than half of the patients who showed a combination of impaired consciousness and the presence of neurological signs (x 2 (df = 4) = 35.95; p < 0.001). Thus, abnormal coagulation tests were found to be correlated with both level of consciousness and the presence of neurological signs.
Fractures
Skull fractures and fractures involving other bones, even the smallest, were usually associated with an increase of FDP (Table 3) . This correlation might imply that the mere presence of fractures frequently results in abnormal coagulation tests.
For this reason a control series of 26 patients (18 men and eight women) was examined within 24 hours after surgical trauma. All patients had broken arms or legs without cranial, thoracic, or abdominal trauma. Age distribution ranged from 4 to 74 years, with mean age of 26 years. In only three cases (12%) was a slight increase of FDP found: 14, 14, and 20 #g/ml, respectively. The latter patient had two broken legs, a calcaneal fracture, and a hemarthrosis of the knee. No hypofibrinogenemia and no positive ethanol gelation test was found in this control series.
It can be concluded that fractures are relatively unimportant in causing coagulation abnormalities and merely reflect the power of the traumatic impact in the group of patients with head injury. 
Other Clinical Features
Posttraumatic amnesia (PTA), which has been used traditionally as one of the criteria for the severity of head injury, could be determined in only 116 patients in this study (Table 4) . Although a long PTA seems to be associated with a high incidence of FDP elevation, due to the large number of patients with unknown PTA, these findings are not suitable for statistical analysis. Head injury and coagulation disorders Lumbar puncture was performed only when no increase of intracranial pressure was expected. This might explain the high occurrence (67%) of abnormal coagulation tests in the 30 patients who did not undergo a lumbar puncture. Coagulation results were abnormal in 2 of 35 patients with less than 100 red blood cells (RBC)/cu mm and in 38 of 85 patients with more than 100 RBC/cu mm in the cerebrospinal fluid (Table 4) .
Electroencephalographic (EEG) recording was usually performed several days after head injury, which might explain the complete lack of correlation between EEG and coagulation results ( Table 4 ).
All 12 patients with thoracic or abdominal trauma in addition to cranial trauma (pulmonary contusion, costal and scapular fractures, renal contusion, splenal rupture) showed abnormal coagulation tests. Respiratory complications (aspiration, anoxia) after head injury occurred in seven patients, and were always accompanied by abnormal coagulation tests. Extensive soft tissue hematomas were found in 25 patients with head injury, 11 of whom showed abnormal coagulation results. Thus, thoracic or abdominal trauma, respiratory complications, extensive soft tissue hematomas, or a combination of these phenomena might have been a contributory factor in causing abnormal coagulation results in 22 patients, but they did not occur frequently enough to explain the abnormal results in the great majority of cases.
Shock, which has been associated with DIC, is developed in three patients, all of whom had shown abnormal coagulation tests. In each patient blood samples for coagulation studies had been taken before, so shock cannot have been the cause of these abnormal results.
Clinical Course
Fatal Cases. Ten patients died, most within 7 days after head injury (Table 5 ). All these patients had shown abnormal coagulation results upon admission, most of them very severe: FDP levels were increased to 80 ~g/ml or more in eight patients (Fig. 1) , hypofibrinogenemia was found in five, and the ethanol gelation test was positive in four. Abnormal bleeding was noted in three pa- It is of interest to note that two patients with a fatal clinical course had shown only a slight increase of FDP (Table 5 , Cases 158 and 211). One of these was admitted in coma with signs of uncal herniation due to a huge frontal epidural hematoma which was removed surgically, but probably too late to be followed by recovery. Postmortem examination revealed a hemorrhage in the brain stem and one in each temporal lobe, in addition to widespread cortical necrosis. The second patient who died with only a slightly abnormal coagulation profile was admitted in a drowsy state of consciousness with extensor plantar responses as the only abnormal neurological sign. He improved during the first few weeks after injury, then developed a steadily progressive dementia and died after 6 months due to bronchopneumonia. Autopsy revealed hydrocephalus, gliosis of the ~o,,t,ols cerebral cortex, and old contusion of the temporal lobes. Accordingly, in both these patients with a low FDP elevation, death was not due to massive brain destruction, but to complications. On the other hand, in nearly all other patients who died, autopsy revealed widespread contusional cerebral hemorrhages and lacerations, mainly bilaterally in the basal areas.
Two patients were able to talk on admission, but died later. ~6 The history of one of them is as follows: This 22-year-old man (Case 33) was involved in an accident during a bicycle race. He was confused afterward, but wanted to continue the race. On admission, he was still confused but obeyed commands. No abnormal neurological signs were found. X-ray films revealed a fracture in the right parietal and occipital regions. Twelve hours after admission the patient's condition suddenly deteriorated. At an emergency operation a small epidural hematoma was --~: .... evacuated from the right parietotemporal region. Beneath the dura, lacerated brain __~ tissue was found. The patient did not show any improvement postoperatively, and died 2 days after head injury. Autopsy revealed the same abnormalities as in most of the other fatal cases: multiple hemorrhages in the frontal, frontobasal, temporal, and parietal regions, brain swelling, and uncal herniation. Fibrin plugging in some cerebral blood vessels could be demonstrated by conventional fibrin staining methods.
To what extent intravascular coagulation itself affected the clinical course in this case is difficult to say. Coagulation tests performed upon admission (FDP > 80 ug/ml) seem to have indicated a much more extensive brain destruction than had been assumed on the basis of clinical symptoms and signs.
Neurological Residual Signs. A 6-month follow-up study revealed at least some neurological deficit in seven patients. All but one had shown abnormal coagulation tests upon admission, but to a smaller extent than in the fatal cases. No hypofibrinogenemia had been found, and the ethanol gelation test had been positive in one patient only.
Highly Abnormal Coagulation Profiles and Recovery. Thirteen patients in the whole study had an increase of FDP to 80 #g/ml or more; eight of these died, five survived (Fig.  1) . In the surviving patients, a possible explanation for the abnormal coagulation tests in addition to cerebral damage might be found: two went through a period of anoxia (one of these patients was discharged to his home country after 2 months when still severely confused and disorientated; unfortunately, he was lost to follow-up study), one suffered from extensive thoracic trauma, one had a renal contusion, and one, a less convincing case, showed a temporary disturbance of liver functions which might have been of traumatic origin.
Extracerebral Hematomas. It is of interest to note that three patients were admitted because of deterioration following a free interval after head injury. All underwent surgery and an extracerebral hematoma was removed followed by an uneventful recovery. Coagulation tests in these patients were normal. Their clinical condition evidently had been determined by a hematoma and not by primary brain damage.
Discussion
An increase of fibrin/fibrinogen degradation products (FDP) in the serum indicates fibrinolysis, probably in response to initial coagulation, 11 but it does not prove disseminated intravascular coagulation (DIC). Increased fibrinolysis after injury has been described by several authors, 3,',16,27 not necessarily after head injury. A positive ethanol gelation test, which demonstrates the presence of fibrin monomers proves DIC, 8,18 although both false-positive and false-negative tests have been reported. 15,21 A positive ethanol gelation test may become negative while FDP are still present, which can be explained by the cessation of DIC? 8 Depletion of fibrinogen in combination with FDP elevation is considered to be characteristic of DIC as well. 8 In the present study, the diagnosis of DIC was justified in at least 12 patients: those patients with a positive ethanol gelation test and an increase of FDP. Additional hypofibrinogenemia was found in six of these patients (Table 1) . Clinical signs of defibrination (abnormal bleeding and continuous oozing from superficial wounds and venipuncture sites) were noted in three of these patients. This incidence of DIC in at least 8% of patients with head injury is much higher than was expected according to the findings in a recent smaller study. 3~ The explanation for the abnormal coagulation results in the other 48 patients in our study is more difficult, as FDP elevation was the abnormal finding without a positive ethanol gelation test as direct evidence of DIC. (In one patient with minor head trauma, a temporary hypofibrinogenemia was the only abnormal finding.)
A different underlying process, so-called primary fibrinolysis, might be assumed in these cases. However, it appears simpler and more reasonable to assume that DIC occurred to some smaller extent, and stopped spontaneously before blood was taken for coagulation studies. In our series, the ethanol gelation test was found to be positive usually within the first 6 hours after head injury, whereas FDP elevations were found frequently much later. This might suggest that DIC often stops spontaneously within a few hours after injury.
Fibrinolytic activity of brain tissue is low, 29' 32 whereas thromboplastic activity is extremely high compared to other organs. 2 This might be considered as another argument in favor of DIC and against primary fibrinolysis in head injury, where thromboplastic brain tissue might be liberated into the circulation and cause intravascular coagulation. As early as 1962, consumption coagulopathy was produced in dogs by intravenous infusion of brain thromboplastin. 2~ Whatever the name of these coagulation changes should be, the present study demonstrates a correlation between FDP elevation and both the clinical neurological condition and clinical course, the latter reflecting a certain extent of structural brain damage. Thoracic and abdominal trauma, respiratory complications, and extensive soft-tissue hematomas might have been a contributory factor in causing abnormal coagulation tests in 22 patients, but they cannot explain the abnormal results in the great majority of cases.
Severe head injury was found to be associated with extensively abnormal coagulation tests, and in cases such as the two patients who were able to talk before they died coagulation tests correlated even better with the extent of head injury than clinical symptoms and signs. In patients with extracerebral hematomas without important cerebral damage, coagulation tests had been normal. The results of this study might suggest that the content of FDP in the blood reflects the amount of brain tissue destroyed. Accordingly, coagulation studies, especially measurement of FDP, might be useful as an additional diagnostic and prognostic tool in patients with head injury, if no other possible causes of DIC or fibrinolysis (thoracic or abdominal trauma, anoxia, or Gram-negative infections) are present.
Therapeutic implications do not appear to be very promising at present in patients with extensive DIC after head injury since heparin, which is the only reasonable treatment, has not yet been proven to be successful in these cases, and might even increase the risk of hemorrhages in cases of brain destruction.
